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Review

Controversies in skin resurfacing:
the role of erbium

Daniel Fleming

Carbon dioxide laser resurfacing has
been a valuable procedure for facial
skin rejuvenation since the early 1990s,
largely replacing medium and deep
chemical peels and dermabrasion. The
introduction of the erbium:YAG laser

resurface very superficially it has been
limited by many laser surgeons to
treating only superficial rhytides and
sun damage. However, it is the equal of
CO; in improving deep rhytides but
with quicker healing and fewer side-

effects.
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for resurfacing has caused confusion
about its role. Because of its ability to

and photographs taken about 6 weeks after CO,
resurfacing often show apparently fabulous tightening
of the skin. When this oedema subsides after many
months, the limited ability of CO, laser resurfacing to
tighten the skin is revealed and patient disappoint-
ment may ensue (Figure 1).

3. De-epithelialization alone is problematic with the CO,
laser. The minimum possible total depth of injury is
100-120 um'~ and, since facial epidermis is about 100
pum deep on average, is sufficient to injure the

Introduction

CO; laser skin resurfacing has proved to be a very
effective way of removing sun damage and rhytides. By
affording greater control over the depth of injury
created,’ it has largely replaced deep chemical peeling
and dermabrasion. However, it has problems as follows:

1. Permanent late hypopigmentation is a common sequela.
Khatri® quotes a 40% incidence at 6 months. It can cause

uneven pigmentation and tidemark effects at the
borders of resurfaced areas, especially the jaw line.

Typically, 2 weeks are required off work after a full-
face CO; resurfacing. CO, resurfacing causes pro-

papilliary dermis. The risk of scarring and hypo-
pigmentation with this depth of injury precludes the
safe use of the CO, laser on extra-facial sites for
cosmetic resurfacing.

longed inflammation, redness and oedema. The

oedema gives a temporary lifting effect to facial skin To understand why erbium resurfacing reduces or

eliminates these problems it is necessary to comprehend

: = = the laser—skin interactions of erbium and CQ; lasers and
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Figure 1
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Full face CO; resurfacing. (A) Before resurfacing; (B) 6 weeks after; (C) 1 year after.

resurfacing), the only variable that is controllable by the
doctor is the TDIL This will determine the degree of
improvement in the skin and also the risk of unwanted
effects.

In the case of laser resurfacing, the TDI comprises two
components: (1) an ablation crater and (2) a zone of
thermally necrosed tissue immediately beneath the
ablation crater. This necrosed tissue is just that: necrosed.
Dead tissue will be removed by the body by a process of
inflammation. The greater the volume of necrotic tissue
the greater the inflammatory response and the longer the
redness and oedema.

At 10 600 nm, CO, laser light has a very high affinity
for the target chromophore in the skin: water. At
2940 nm the erbium laser has 10 times the affinity for
water. This is usually illustrated by the absorption
spectrum curve for water (Figure 2). Physicians often
fail to appreciate that the y-axis is a logarithmic scale and
thus the apparently small increase in the height of the
erbium peak compared with that of the CO; is in fact a
10-fold difference. Because of the imperfect absorption of
the CO, wavelength by water, when this laser ablates
some of the energy is left behind in the skin. This energy
is absorbed by dermal tissues including collagen, causing
a zone of thermal necrosis (ZTN). Thus, there is a
minimum TDI to the skin comprising the ablation crater
at the ablation threshold fluence plus the ZTN. Since the
ablation threshold for CO, laser light is 4-5 J/cm’,
attempts to create a more shallow TDI are doomed to
failure since fluences below the ablation threshold will
not cause ablation at all and a deeper, purely coagulative
injury will result. The ZTN is the same whether a deep or
superficial ablation crater is created provided that the
fluence exceeds the ablation threshold. With subsequent

CO, impacts the energy is initially absorbed by the
already necrosed and dehydrated ZTN from the previous
impact. Ablation is therefore less efficient and a heat sink
is created causing a deepening of the ZTN and so on with
additional passes.* Studies™™° vary on the depth of this
ZTN but most would agree that after two or three passes
with CO, the ZTN would be about 150 pm.

With its higher affinity for water, erbium laser energy
causes almost pure ablation. At a typical resurfacing
fluence of 5 J/cm”® only minimal heat is left behind in the
skin causing a shallow ZTN of about 5 pm.”” It is so
shallow in fact that it is insufficient to coagulate dermal
capillaries, which is why erbium-lasered skin bleeds. Since
the ablation threshold for the erbium laser is so low,"
about 1.6 Jfem®, very shallow ablation craters and
therefore a very shallow TDI can be created. Subsequent
erbium impacts do not impact on a significantly
dehydrated necrosed layer and therefore ablation can
continue efficiently. These differences can be readily
appreciated by feeling a patient’s skin immediately after
firing a laser impact: after CO, it feels hot, but after
erbium it does not.

Figures 3 and 4 illustrate what we can understand
about erbium lasers. The key points to appreciate from
this are that with erbium resurfacing:

1. TDI is directly proportional to the total fluence (dose
in J/cm?) delivered to the skin.

2. The ZTN is fixed, very small and independent of the
number of impacts or passes.

It does not matter if you work at 5 J/cm? or 2.5 J/cm®
per impact. The skin response will only be determined
by how deep you injure it. Using 2.5 J/cm® will take



Erbium skin resurfacing

Examples of pre- and post single treatment, full face erbium resurfacing.

twice as many impacts as using 5 J/cm® to create the
same TDI.

Having understood these concepts, some of the
controversies of erbium laser resurfacing can be

addressed.

Is the erbium laser only good for superficial
rhytides?

Khatri® was the first to show that erbium resurfacing to
the appropriate depth is the equal of CO, in rhytid
improvement but with quicker healing and a shorter
period of redness and swelling. Most importantly he also
showed a 10-fold decrease in permanent hypopigmenta-
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tion at 6 months. Others have also shown deep rhytid
improvement with the erbium laser.'' The author
performed CO, laser resurfacing (Silktouch, Sharplan,
Allendale, NJ, USA) on one side of the face and erbium
laser resurfacing (Dermablate 29, Aesculap Meditec, Jena,
Germany) on the other on four volunteers. This pilot
study was abandoned when it became clear that the
clinical improvement was the same on both sides as
judged by blinded observers and the patients themselves,
but that the re-epithelialization time, the duration of
redness and swelling, were all shorter on the erbium side.
At 6 months, all four patients had relative hypapigmen-
tation on the CO, side and normal pigmentation on the
erbium side (Figure 5). Histology of bilateral forehead
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Example of pre- and post single treatment, upper lip erbium resurfacing.
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Example of pre- and post single treatment, full
face erbium resurfacing.
Figure 2

The absorption spectrum curve for water.,

skin biopsies at 4 months showed equal or better neo-
collagenesis on the erbium sides (Figure 6). The author
feels the treatment of deep rhytides is just as successful
and reproducible with erbium as it is with CO,
resurfacing.

Does bleeding prevent deep ablation with erbium?

It is simple enough to blot capillary bleeding and
continue ablation if necessary into the upper reticular
dermis, Post-operative capillary oozing for the first few

1 B
Wavelength (um)

Er:YAG CO,

2940 nm 10 600 nm

hours can result in an alarming appearance but if the
patient and relatives are forewarned it is not a problem.
The application of an alginate dressing for a few minutes
on any particularly troublesome bleeding areas either
during or after the procedure will stop them.

Do you need heat to get a long-term improvement?

The half-half studies have shown long-term rhytid
improvement to be equal with both lasers. Deep chemical
peels'” and dermabrasion'® provide long-term improve-
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Figure 3
Erbium fluence versus ablation crater depth.

ment and collagen neogenesis in the absence of heat. In
fact, it is not heat but a sufficiently deep injury that is
needed to get long-term improvement.

Does erbium shrink collagen like CO,?

Both lasers can cause long-term skin shrinkage.'*'* So
can any sufficiently deep resurfacing modality as burn
victims can readily testify. Collagen fibrils shrink at
55-58°C.*'® Above this temperature they melt, under-
going irreversible denaturization. The ZTN of CO, laser
resurfacing does not contain a significant zone between
precisely 55 and 58°C. The visible contraction of tissue
seen during resurfacing is due to tissue removal. Since
lasers remove tissue water, either by ablation or
coagulation, the volume of the skin decreases and it
therefore contracts. This has nothing to do with the
clinically relevant collagen shrinkage and occurs with
both erbium and CO, if the TDI is the same.
Incidentally, this immediate contraction also occurs
when a lighted cigarette is applied to the skin— proof
that it is not a desirable entity in itselfl Any long-term
tightening of the skin that does occur with resurfacing is
likely to be due to the healing process and new collagen
formation not to an instant shrinking of the old
collagen."”

Do you need a scanner with erbium to obtain even
results?

Scanners are designed to maximize the evenness of
ablation within an individual scan in the same way that
there is evenness of ablation within a single spot.
Weinstein'® has described the successful use of a scanner
with erbium. However, whether a scanner or a single spot
is used the operator must manually align the next scan or
spot. The degree of overlap between these will therefore
never be precisely the same. If low fluences are used
(about 5 J/cm®) multiple passes will be required to ablate
to the endpoint. At 5 J/em® each impact will ablate only
about 30 pm,** so the consequences of imperfect overlap
are plus or minus 30 pm per pass. If these passes are in
different vectors, for example vertically, horizontally and
diagonally, there will be an averaging of uneven overlaps,
ultimately resulting in a sufficiently even injury so as not
to cause stripiness or chequerboarding. At these low
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Figure 4
Zone of thermal necrosis versus number of impacts (passes).

fluences this argument holds for both freehand and
scanners. The potential danger of scanners is their ability
to deliver high fluences by virtue of the small spot size
within any scan. There is a risk that if deep resurfacing is
performed in one or two passes using a scanner at high
fluences that uneven overlap between scans will occur.
This is because it is not possible to consistently overlap
the first row of spots in a new scan exactly 30% over the
last row of spots in the previous scan. The optimized
computer-controlled inter-spot overlap within a scan to
maximize evenness of ablation with a flat top beam
profile is 30%.'" The consequences of this uneven overlap
at high fluences may cause clinically significant altera-
tions of the TDIL. No scanner was used in the erbium-
resurfaced patients shown in this article.

Will adding CO; laser to erbium give better results
than using erbium alone?

Adding CO; adds a layer of relatively uncontrolled
thermal necrosis. If the tissue in ZTN is left behind the

Figure 5
Six months post loser resurfacing. Left side: erbium. Right side: CO;.
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Figure 6

Bilateral forehead skin biopsy from the same patient. (A) At 4 months post erbium resurfacing. (B) At 4 months post CO; resurfacing.

consequent inflammatory response will increase the
healing time and the risks of side effects. The necrosed
tissue can be ablated by subsequent erbium treatment to
reduce the healing time.® Here the TDI has been
predetermined by the depth of the relatively uncontrolled
ZTN from the CO; negating the superior depth control
afforded by erbium. Since resurfacing with the erbium
laser alone achieves the same degree of clinical and
histological improvement, adding CO, seems to be
unnecessary.

Do you need lower total fluence with erbium
compared with CO,?

Since erbium ablates more efficiently this would seem
logical. However, to get the same TDI with erbium as
with CO, the erbium must ablate deeper than the CO,
since it cannot rely on a significant further contribution
to its TDI from a ZTN. In practice we have found the
value of the total fluence required to reach the desired
endpoint in deep resurfacing to be very similar with both
lasers.

One observed clinical outcome is not explained by
these arguments although it is not inconsistent with
them: if the same TDI produced by either laser results in
the same degree of rhytid improvement why is
hypopigmentation with CO; more common compared
with the erbium side in the half-half studies? Although
we have seen isolated cases of localized hypopigmentation
following very deep erbium resurfacing, the increased
hypopigmentation with CO, for the same degree of
clinical improvement in the half-half studies suggests
that more severe inflammation following CO, resurfacing
may damage the sensitive melanocytes.

Conclusion

All resurfacing modalities work primarily in the same
way —they injure the skin to a certain depth. It is
generally the injury to the skin and not the modality
per se which will determine the efficacy and the risk of
complications of the treatment. While the CO,
laser offered improved depth control over chemical






